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LABORATORIES OE SPOT-WELDED JOINTS AND 
STRUCTURAL ELEMENTS 
By E. C« Hartmann and (J. tf« Stickley 



SUMMARY 



Available information concerning spot welding as a 
means of joining aluminum-alloy parts has been summarized 
and comparisons have been made of the relative merits of 
spot-welded and rivet ed* aluminum-alloy structural elements. 
The results indicated that spot welding was as satisfactory 
as riveting insofar as resistance to static loads is con- 
cerned. Spot welds showed slightly lower resistance to 
impact loads but definitely lower resistance to repeated 
loads than rivets. 



INTRODUCTION 



Spot welding as a means of joining aluminum-alloy 
parts has been under investigation for a number of years 
by the Aluminum Research Laboratories, working in coopera- 
tion v/ith the Jobbing Division of the Aluminum Company of 
America. Considerable data have been collected concerning 
the strengths of spot welds, and it is the purpose of this 
report to summarize the principal information available to 
dat e . 



2 



HACA Technical Note Ho. 869 



TESTS 



Tests to Determine Minimum Static Shear 
Strengths of Representative Spot Welds 
in Various Aluminum Alloys 



Tests of minimum static shear strengths were made 
to obtain comparative data on the spot-weld character- 
istics of a number of aluminum alloys. These data are 
intended to serve as a basis for establishing allowable 
stresses in spot v/elds for design purposes. The test 
samples were prepared in conformity with usual shop 
practice. The v/elds were made on No. JS-N1 alternating- . 
current spot welder using a General Electric Igni t r on 
timer. The welding tips were 5/8 inch in diameter with 
cither 7° or 11° cone tips. All the sheet was washed in 
naphtha to remove grease and dirt, and all except the 2S 
sheet was given a 30-second etch with a solution of gum 
tragacanth and hydrofluoric acid. 

For sheet thicknesses less than 0.04 inch, the test 
pieces were 1 inch wide and, for pieces thicker than 
0.04 inch, the specimens were 1 1/2 inches wide. All 
specimens were simple lap joints containing two spot 
welds in tandem 1 inch apart for the thin specimens and 
1 1/2 inch apart for the thick specimens. The edge dis- 
tances were 1/2 and 3/4 inch and the total laps were 2 
and 3 inches for the thin and thick specimens, respectively. 
All specimens were tested in Nfcw Kensington Plant Labora- 
tory and, in the case of the heat-treated alloys, at least 
four days elapsed between the time of making the welds and 
the time of testing. A large number of specimens was made 
with the use of various machine settings within the normal 
range and, from these test data, minimum shear strengths 
in pounds per spot were selected.. The resulting values 
have been plotted in figure 1. 

The Static Shear Strength of Wide Spot-7/elded 

Joints in 0.051-inch Thick 52S-1/2H Sheet 

In the study of soot-welded joints, the strengths of 
the spots and also the strength of joints in which various 
groups of spots are used must be known. Tests of the static 
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shear strength were made for various lap joints in a 
52S-1/2H sheet 0.051 inch thick; each joint was approx- 
imately 11 1/4 inches wide. These joints were made with 
one, two, or three lines of spot welds in the lap with the 
use of various spacings of spot welds, distances "between 
rows | and edge distances. All the welded surfaces were 
given an etch of 30 seconds in a solution of gum traga- 
canth and hydrofluoric acid. All the welding was done 
on alternating-current machines. Single-, double-, and 
triple-riveted specimens made with the use of 3/16-inch 
53S-W rivets were tested for comparison. These specimens 
were the same size as the spot-welded specimens. All 
specimens were tested with a special gripping device 
(fig. 2) which preliminary tests had shown to provide 
a reasonably uniform distribution of load. The results 
of those tests are plotted in figures 3 and 4. The con- 
clusions from this investigation were as follows: 

1. The strength per spot of the wide joints which 
failed in the spots varied with the spot spacing and number 
of rows. The highest value obtained was 810 pounds per 
spot and the average was about 720 pounds per spot. These 
values check fairly well with the results of tests of 
narrow strips cut from some of the wide joints, in which 
the highest value was found to be 900 pounds per spot 

and the average about 760 pounds per spot. 

2. The strength per spot for wide specimens with a 
single row of spots was found to decrease very rapidly 
when the edge distance was less than 3/8 inch. The lowest 
value obtained was for an edge distance of 1/8 inch (total 
lap = 1/4 in.) in which case the load per spot was found 
to be as low as 293 pounds. The lowest test result for 
edge distances 3/8' inch or greater was 622 pounds per spot. 

3. When the spots in the wide specimens were closer 
together than 1/2 inch for one row of spots, 3/4 inch for 
two rows of spots, and 1 1/4 inch for three rows of spots, 
failure of the specimens occurred by tearing the sheet 
rather than by spot failure. The maximum value of stress 
on the gross area corresponding to the ultimate load was 
33,300 pounds per -.square inch, a value which is about 6 
percent loss than the c o r r e sjoond ing tensile strength of 
the sheet as determined on tensile specimens 1/2 inch 
wide. The minimum value of stress on the gross area 
corresponding to the ultimate load was 27,000 pounds per 
square inch and the average was about 31,000 pounds per 
square inch. 
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4. The highest strengths in the wide spot -welded 
joints were obtained with the following spot spacings: 



Hum b e r 




Maximum ultimate load 


of 


Spac ing 


per inch of v/idth 


rows 


(in.) 


(Id) 


1 


a 0 


155? 


2 


3/4 


1678 


3 


1 


16S6 



Continuous seam of overlapping spots. 



5. The strongest wide spot-welded joints tested rep- 
resent an efficiency of 94.3 percent "based on the tensile 
strength of the unspliced sheet. 

6. Joints with two rows of spot welds represent a 
distinct increase in strength over joints with one row of 
spot welds* Additional rows of spot welds, however, do 
not further increase the strength to any marked degree. 

7. Although there is fair agreement between the re^ 
suits ob.tained for the wide specimens and for the narrow 
strips, particularly for specimens containing two or three 
rows of spots, it is evident thst values obtained from 
tests of individual spots should be applied with caution 
in design calculations for spot-welded joints. 

8. The wide-riveted joints tested for comparison 
with the spo t-v/elded joints were not so strong as the 
spot-welded joints although the individual rivets used 
were of approximately the same strength as the individual 
spot wolds. 

9. The strongest wide-riveted joint had an efficiency 
of 86.6 percent in comparison with 94.3 percent for the 
strongest spot-welded joint. 
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Shear Fatigue Tests of Spot Welds 

in Various Aluminum Alloys 

In order to determine the strength of spot welds 
subjected to repeated shear loads, tests were made of 
welds in two thicknesses, 0.032 and 0.064 inch, of the 
following alloys of sheet: 3S-0, 3S-1/2H, 17S-T, Alclad 
173-T, 24S-T, -Alclad 24S-T, Alclad -24 S-RT , 52S-0, 52S-1/2H, 
and 53S-T* Metallogr aphic examination of at least two 
welds from each group showed that, in general, the "welds 
in 0.032 inch thick sheet were sound "but those in 0.064- 
inch thick sheet contained some porosity. The individual 
specimens used, which are shown in figure 5, consisted of 
simple lap joints each with a single spot weld. These 
specimens were cut from panels welded with the use of 
alternating-current machines and the surfaces of the sheet 
were cleaned before welding. The 17S-T and 24S-T sheets 
were cleaned "by etching in hydrofluoric acid; the other 
alloys -were usually washed with benzine. Four specimens 
were tested simultaneously in r o tat ing-beam fatigue ma- 
chines, as illustrated in figure 6, except in those cases 
in which less than 15 cycles of stress were required to 
caus-e failure. During each revolution of the rotating- 
beaffi machine, each weld was subjected to a load -that 
varied from a maximum in shear in one direction to a max- 
imum in the opposite direction and back again. In. the 
tests requiring less than 15 cycles , four specimens v/ere 
tested simultaneously, using the same fixtures shown in 
figure 6; but the tensile and compressive loads were 
applied in an Amsler universal testing machine, the same 
as in ordinary tensile and compressive tests. In the 
present investigation, these tests that involved high 
loads and small numbers of cycles were made only on the 
welds in 0.032-inch thick sheet. 

The test results and the static strengths are sum- 
• mar i zed in tables I and II. The results of the individual 
fatigue tests are plotted in figures 7 and 8. In these 
figures, the value plotted for the fatigue strength at 
0.25 cycle is the static strength. 

It will be noted that, for the 0. 032-inch thick sheet, 
the endurance limits vary from 20 to 30 pounds per spot for 
the different alloys. The lowest endurance limits were. those 
of joints in 24S-T and 52S-1/2H and the highest in Alclad 
24S-T. " These endurance limits range from 5 to 13 percent 
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of the corresponding static strengths. In general, the 
high values were obtained with alloys in the annealed 
temper and with Alclad mat eri als, and the low ones were 
obtained with alloys in cold-worked tempers and with 
nonclad heat-treated materials. The tests of joints in 
a sheet strip 0.064-inch thick, although quite incomplet 
indicate endurance limits of 40 to 60 pounds per spot, 
v/ith ratios of endurance limit to static strength about 
the same as for the 0.032-inch thick sheet. 

In these tests the primary failures occurred in the 
sheet at or slightly within the weld and not through the 
main body of the weld. This condition is illustrated 
in figure 9. Inasmuch as the fatigue failures did not 
occur primarily by shearing of the welds, the test re- 
sults indicate the strength of spot-welded joints in 
sheet strip of the widths used a nd not the fatigue 
strength of the welds themselves. They are, therefore, 
useful chiefly as an indication of the lover limits of 
resistance to fatigue and may be too conservative. It 
should also be remembered that the welds in the 0.064- 
inch thickness of the different alloys contained some 
porosity, which as indicated in a subsequent section 
of this report, has a harmful effect upon fatigue re- 
sis tance . 

Direct Tension-Compression Fatigue Tests of 

Structural Members. Built up from 1/8-inch 

52S-1/2H Sheet 

Direct tension-compression fatigue tests were con- 
ducted to obtain data on the relative merits of spot- 
welded and riveted aluminum-alloy structural elements 
subjected to completely reversed axial loads. Specimens 
were of the type shown in figure 10, which also shows 
the fixtures for the attachment of the specimens to the 
movable and fixed heads of the f at i gue~ t e s t in g machine. 
It will be noted that the specimen consisted essentially 
of three pairs of channels back to back spliced at in- 
tervals by means of cover plates spot welded or riveted 
to the flanges. All the spot welds .were made on an 
alternating-current machine. The specimens were tested 
in a vertical position in a fatigue testing machine of 
50,000-pound capacity. (See fig. 2 of reference 1.) The 
results of these tests are shown in table III and are 
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plotted in figure 11. It is evident from figure 11 that 
the fatigue strength of the riveted specimens is consid- 
erably greater than that of the spot-welded specimens. 



Comparative Beam Tests of Spot-Welded and Riveted 

Girders of 17S-T and 61S-T under Static, 

Impact, and Fatigue Loads 

Beam tests were conducte'd in order to make a general 
comparison of spot-welded girders and riveted girders under 
static, impact, and repeated loads. The specimens were 
designed primarily to represent a type of connection and 
thickness of material encountered in railway-car construc- 
tion. Figure 12 shows the dimensions of the specimens and 
a list of the various combinations originally planned for 
this investigation. Items 8 to 14, however, were not com- 
pleted and, therefore, were not tested. 

. All the spot welding on the specimens in this inves- 
tigation was done on alternating-current machines. The 
flange welds were made using a 7/8-inch diameter 11° tip 
on the channel side of the weld and a flat tip on the 
cover-plate side. In the case of the 17S-T girders, the 
spot welds were formed by a special procedure that involved 
several applications of welding current spaced a short time apart,, 
the welding pressure being maintained during the entire 
welding, cycle • Spot welds representative of this practice 
on samples of 1/8-inch thick 17S-T gave static s hear . s t r engt hs 
of 2996 pounds per spot. Spot welds representative of the more 
normal procedure used on the 1/8-inch thick 61S-T gave static 
shear strengths of 1939 pounds per spot. Both of these static 
strength values are considered very satisfactory. Chisel 
tests on sample welds also indicated satisfactory welds. X- 
ray examination of some of the spot welds in one of the 17S-T 
girders indicated welds free from cracks with only a small 
amount of porosity. 

In all tests a 60-inch span length was used with suit- 
able bearing blocks at the center and at the ends of the 
span. In the static tests a 40,000-pound capacity Amsler 
testing machine was used and the arrangement for the test 
is shown in figure 13. The impact tests were made by drop- 
ping a 500-pound tup in a special impac t - t e s t ing machine 
using the arrangement shown in figure 14. The fatigue tests 
were made using complete reversal of load in a fatigue test- 
ing machine of 50,000-pound capacity. (See fig. 2 of refer- 
ence 1.) The arrangement for the fatigue tests is shown in 
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figure 15. The results of these tests are shown in tables 
IV, V, and VI, and the fatigue test results are plotted 
in figure 16. These fatigue data have "been summarized in 
another form in table VII. Two of the specimens after the 
completion of the impact test are shown in figure 17, and 
one of the fatigue specimens after the test is shown in 
figure 18. The conclusions drawn from this investigation 
are as follows : 

1. AH failures in the static-beam tests occurred by 
buckling of the cover plates. Some of the spot welds pulled 
apart after the plates had buckled but no rivet failures 
occurred. 

2. The results of the static tests indicate that 
there is no marked difference between the loads and the 
load deflections for the riveted and the spot-welded con- 
struction, except that the girder with countersunk rivets 
carried less ultimate load than the others. 



3. failure of the girders in the impact tests oc- 
curred in substantially the same way as those in the static- 
load tests, namely by buckling of the cover plates. Failure 
of aluminum-alloy rivets usually did not occur until at 
least three drops had been made after the first buckle 

of the cover plates appeared. There were no failures of 
any steel rivets. Failure of spot welds by pulling apart 
usually occurred simultaneously with the first evidence 
of buckling of the cover plates in the impact tests. 

4. The results indicate that there is no marked dif- 
ference between the riveted and spot -welded constructions 
in regard to the total resistance to impact and the ability 
to withstand permanent set without fracture of the channel 
or cover plates. 



5. In the fatigue tests failure in most of the spec- 
imens occurred by transverse fracture, sometimes in the 
channels and sometimes in the cover plates. In the riveted 
girders these fractures frequently passed through rivet 
holes and in the spot-welded girders they usually occurred 
at the edges of the spots. There were no rivet failures 
and failures occurred in only two tests by shearing spot 

w e 1 d s . 

6. In 17 3- 35 the spot-welded girders had definitely 
lower fatigue strengths than any with rivets. The same 
was true for 61S-T girders welded in t he T condition. 
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7. The fatigue strength of spot-welded 61S-T girders 
is appreciably higher when the artificial aging is done 
after instead of "before w el ding and is higher than for 
any of the other spot-welded girders tested. 

8. The fatigue strength of spot-v/elded 61S-T girders 
artificially aged after welding is about equal to that of 
either 17S-T or 61S-T girders made with hot-driven steel 
rivets but is definitely less than that of 17S-T and 61S-T 
girders made v/ith cold-driven cone-point aluminum-alloy 
rivets. 



Comparative Tests of Spot-Wolded and Riveted 

Box Beams of Alclad 24-S-T Sheet 

Static and fatigue strengths of spot-welded and riveted 
box beams fabricated from 14-gage Alclad 24S-T sheet are 
being compared in an investigation which is still in prog- 
ress.- Two designs of specimens, one of which is shown 
in figure 19, are being used, the differences being negli- 
gible as far as the object of the investigation is con- 
cerned. * Beth static and fatigue tests are being made in 
w'hich specimens are tested as simple beams with either 
central or two-point loading as shown in figure 20, The 
arrangements used in the. central loading tests are similar 
to those shown in figures 13 and 15. 

The investigation includes tests of three lots of 
beams. In one, the beams were spot welded using ..alternating- 
current machines; in another, they were spot welded using 
energy-storage equipment; and, in the third, they were 
riveted. X-ray examination indicated that the alternating- 
current spot welds contained cracks, whereas the energy- 
storage v/elds were sound. Photomicrographs of sections 
through presumably typical welds from each of the two lots 
of "beams are shown in figure 31 . The corresponding static 
shear strengths of the two kinds of spot v/elds, as deter- 
mined from auxiliary tests of lap-joint specimens, were 
about 590 and 970 pounds, respectively. The former value 
is considerably below the minimum (about 835 lb) shown in 
figure 1 for spot welds in 0.064-inch thick Alclad 24S-? 
sheet. 

Static tests have been completed on the beams with 
alternating-current spot welds and on these which v/ere 
riveted. Almost equal strengths v/ere developed; the 
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respective computed maximum "bending stresses at failure 
were 25,000 and 25,100 pounds per square inch. Failures 
occurred "by buckling of the compression flanges adjacent 
to the load point at the center of the span. No evidence 
of any spot weld or rivet failures was found. Because 
of the manner in which these "beams failed, the "beams with 
the energy-storage welds probably would have about the 
same static strength as the others. 

Table VIII and figure 20 summarize the results of 
the fatigue tests under completely reversed bending. In 
the test of the beams with alternating-current spot welds, 
failure usually began as cracks through the welds. In the 
other two series of tests, many of the failures apparently 
began at locations other than those containing spot wolds 
or rivets and, in some tests, the failures occurred entirely 
at such locations. When fatigue cracks did extend to a 
weld in the beams containing energy-storage welds, these 
cracks generally wore tangent to the edge of the wold in- 
stead of passing through the v/eld. The results of the 
two series of tests in which failure began at locations 
other than those containing spot welds or rivets, there- 
fore, are not necessarily indicative of the relative fa- 
tigue strengths of spot-welded and riveted beams. Com- 
paring the results of the tests of the two lots of spot- 
welded beams, however, it is quite evident that the beams 
with the alternating-current welds were much inferior to 
those with the energy-storage welds. Much, if not all, 
of this difference can undoubtedly bo attributed to differ- 
ences in soundness of the welds, although the diameter of 
the energy-storage welds was greater than that of the 
alt er n at in g- cur rent welds. 

Figure 22 shows the fatigue failures which occurred 
in one of the beams containing alternating-current spot 
v/ e 1 d s • 



General Discussion 

The foregoing tests are not complete enough to permit 
final conclusions to be drawn. It Is safe to say, however, 
even on the basis of the limited data presented herein, 
that spot-welded construction can be made to equal, riveted 
construction in resistance to static and impact loadings. 
In resistance to fatigue it appears at present that spot- 
welded construction will not equal the best riveted con- 
struction unless the spot welds are more sound and free 
from cracks than the alternating-current welds used through- 
out most of these tests. 
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Even though the s pot^v/elded specimens used in the 
tests described herein were not consistently equal to 
riveted specimens in resistance to fatigue, this does 
not mean that spot welding should not "be used structurally. 
There are many structural applications, even in locations 
subjected regularly to vibration and repeated loading t in 
which the highest order of resistance to fatigue is not 
essential* Experience has shown that spot-welded parts 
and structures are capable of withstanding quite severe 
service conditions. For example , many aircraft fuel tanks 
spot welded on the same alt ornat ing-cur rent machines used 
in the preparation of the specimens described in this re- 
port have been tested on vibration machines approved for 
such tests by the Army and Navy and have shown satisfactory 
life. The results of these tests and the behavior of the 
tanks in service are adequate evidence that, in spite of 
the relatively poor fatigue strengths of the alternating- 
current spot welds in the laboratory tests, it is possible 
to design spot-welded structures which will satisfactor- 
ily withstand vibratory stresses. 



Aluminum Research Laboratories 

Aluminum Company of America, 

New Kensington, Pa. f May 13, 1942. 
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TABLE I 

STATIC AND SHEAR FATIGUE TESTS OF ALTERNATING-CURRENT 
SPOT WELDS IN SHEET STRIP 





14-gage sheet, 1 in. wide 


20-gage sheet, 1/2 in. wide 


Sheet alloy 


St at i c 
strength 

(lb) 


Endurance 
limit 
{ lb; 
(a) 


Endurance 
rax 10 


sxaxic 
strength 


limit 

fib) 
(a) 


Endurance 
ratio 


3S-0 
38-1/2H 


529 
542 


b 50 
60 


0.09 
.11 


222 

222 


28 
22 


0,13 
.10 


17S-T 

Alclad 17S-T 


894 
866 






342 
428 


22 
27 


.06 
.06 


24S-T 

Alclad 24S-T 


1213 
977 


40 


.04 


381 
362 


b 20 
30 


.05 
.08 


Alclad 24S-RT 


1111 






449 


28 


.06 


528-0 
52S-1/2H 


818 
1036 


35 


.04 


255 
238 


26 
21 


.10 
.09 


53S-T 


712 






353 


27 


.08 



Vor 14-gage sheet, 40-million cycle basis; for 20-gage sheet, 200-million-cycle basis. 
bEstinated from incomplete tests. 



TABLE II 



SHEAR FATIGUE STRENGTHS OF ALTERNATING-CURRENT SPOT WELDS IN 8HEET STRIP 













Fatigue strength, 


lb 


per spot 






^-^^Cycles 
Sheet — 


10 


100. 


1000 


10,000 


100,000 


1,000,000 


10 


000,000 


100,000,000 


500,000,000 


alloy and temper 
























Sheet , 


0.032 in 


. thick 










33-0 
38-1/2H 


152 
147 


Ill 
109 


77 
76 


52 
52 


37 
38 


30 
30 




28 
24 


28 
22 


28 

22 


178-T 

Alclad 173-T 


250 
246 


192 
196 


140 
152 


92 
110 


56 
72 


34 

39 




23 
27 


22 
27 


22 
27 


24S-T 

Alclad 24S-T 
Alclad 24S-RT 


222 
*270 
275 


208 
*816 

198 


147 
&163 
147 


94 
a 113 

108 


54 
72 


33 
41 
40 




22 
31 
•29 


• 20 
30 
28 


20 
30 
28 


52S-0 
528-1/2H 


180 
183 


142 
148 


110 
115 


82 

83 


56 
53 


37 

28 




28 
23 


26 
21 


26 
21 


53S-T 


266 


212 


163 


116 


75 


41 




30 


28 


27 










Sheet, 


0.064 in. thick 










3S-0 
3S-1/2H 










94 
103 


68 
82 




55 
65 


50 
60 


50 
60 


Alclad 24S-T 










180 


94 




53 


42 


40 


52S-0 
523-1/2H 










154 

168 


77 

88 




43 


36 


35 


538-T 










147 


80 











a Estimated values. 



NACA Technical Note No. 869 



13 



TABLE III 

RESULTS OF DIRECT TENSION-COMPRESSION FATIGUE TESTS OF STRUCTURAL MEMBERS 
CONSTRUCTED FROM 1/8-INCH 52S-1/2H SHEET 



[All tests made with complete reversal of load] 



<r> 

e 

•H 
O 


Tensile area 
of cover 
plate 
(sq in.) 


Number 
of 
spots 
or 
rivets 
trans- 
ferring 
load 


Area of 
one 
rivet 

in 
shear 
(sqin.) 


Bearing 
area 
of one 
rivet 

(sq in.) 


Total 
load 

on 
spec- 
imen 
(lb) 


Tensile 
stress in 
cover plate 
(lb/sq in.) 


Total 

load 

per 

spot 

or 
rivet 

(lb) 

1 


Shear 
stress 

in 
rivets 

(lb/ 
sq in. ) 


Bear- 
ing 

stress 
(lb/ 

sq in, ; 


Number 

of 
cycles 

at 
failure 

(a) 


<D 

P« 

CO 


Gross 
area 


Net 
area 


Gross 
area 


Net 
area 



Spot-welded specimens 



1 

i 2 
3 
8 


1.135 
1.135 
1.135 
1.135 




36 
36 
72 
48 






±6990 
±5000 
±4980 
±4950 


±6150 
*4400 
±4390 
±4360 




194 
139 
69 
103 






20,700 
220,900 
169,700 
197,500 










Riveted specimens 


6 
7 


1.135 
1.135 
1.135 


1.007 
1.007 
1.007 


36 
36 
36 


0.0519 
0.0519 
0.0519 


0.0319 
0.0319 
0.0319 


±7010 
±5564 
±4515 


±6170 ±6950 
±4900 ±5520 
±3970 ±4470 


195 
155 
125 


3750 
2970 
2410 


6080 
4830 
3920 


950,700 
1,908,000 
12,854,800 



a All specimens except 1 and 7 failed by transverse fatigue fracture of the cover plates 
through the spot welds or rivet holes. Specimen 1 sheared 18 spot welds; Specimen 7 
not fail. 



TABLE IV 

ULTIMATE LOADS AND MODULI OF FAILURE FROM STATIC BEAM TEST8 



Specimen 


PlateB and 
channels 


Connections 


Ultimate load 
(lb) 


Modulus of failure 
(lb/sq in.) 
(a) 


1-A 

1-B 


17S-T 
178-T 


Button-head steel rivets 
Button-head steel rivets 


13,300 
11,930 


39,500 
35,400 


2-A 

2-B 


178-T 
17S-T 


Cone-point A178-T rivets 
Cone-point A17S-T rivets 


11,560 
12,200 


34,300 
36,200 


3-A 

3-B 


17S-T 
178-T 


Countersunk A17S-T rivets 
Countersunk A17S-T rivets 


10,300 
10,650 


30,600 
31,600 


4-A 

4-B 


17S-T 
178-T 


8pot welds 
Spot welds 


11,650 
12,650 


34,600 
37,500 


5-A 
5-B 


618-T 
61S-T 


Button-head steel rivets 
Button-head steel rivets 


12,410 
12,000 


36,800 
35,600 


6-A 

6-B 


618-T 
61S-T 


Cone-point 53S-W rivets 
Cone-point 53S-W rivets 


12,275 
12,265 


36,400 
36,400 


7-A 
7-B 


61S-T 
61S-T 


Spot welds 
Spot welds 


11,920 
11,900 


35,400 
35,400 



^Obtained by substituting ultimate load P in the ordinary beam formula. Stress - Mo/l. 
In this case the stress is calculated at the edge of the 2 1/2-in. center bearing block so that 
the complete expression for modulus of failure is 



Modulus of failure « - (60 
4 



2.5) x - 2.97P 

10.30 
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TABLE V 
IMPACT TESTS OF GIRDERS 



Spec lmen 


Plate 8 and 
channels 




Height of 
drop for 
f ir8t 
buckle 
(in.) 


Height of 
drop for 

X X X D w X X V C w 

or spot 
failure 
(in. ) 


Height 
of drop 

pletion 
of test 
(in. ) 


Pe rma- 
nent set 
at com- 
pletion 
of test 
(in.) 


1-C 


17S-T 


Button-head steel rivets 


10 


No failure 


16 


5.721 


1-D 


17S— T 


Rut +. on— Vi pa/i at ppl vptfl 


9 


No failure 

11 V X CbX X vxx w 


17 


6 .894 


3-0 


17S-T 


Cone-point A17S-T rivets 


8 


12 


16 


5.465 




17S— T 


UwUC JJv 1 11 U ftl 'u 1 XXV Cuo 


g 


17 


17 


7.008 


3-0 


17S-T 


Countersunk A17S-T rivets 


7 


12 


19 


6.060 


3-D 


17S-T 


Countersunk A17S-T rivets 


7 


11 


17 


5.231 


4-0 


17S-T 


Spot welds 


8 


8 


14 


5.082 


4-0 


17S-T 


Spot welds 


9 


10 


16 


5.607 


5-0 


61S-T 


Button-head steel rivets 


10 


No failure 


16 


5.445 


5-D 


61S-T 


Button-head steel rivets 


9 


No failure 


15 


5.214 


6-0 


61S-T 


Cone-point 53S-W rivets 


9 


11 


16 


5.834 


6-D 


61S-T 


Cone-point 53S-W rivets 


12 


15 


17 


5.802 


7-0 


61S-T 


Spot welds 


9 


9 


15 


7.103 


7-D 


61S-T 


Spot welds 


8 


8 


14 


5.350 



TABLE VI 
BEAM-FATIGUE TESTS OF GIRDERS 





Chan- 
nel 


^\Load, lb 
\(b) 
Connect ion"^^ 


Cycles to failure 
(a) 


I tern 


and 
plate 


±4000 


±3000 


±2500 


±2000 


±1500 


±1000 


1 


17S-T 


Button-head 
steel rivets 


89, 800(A) 


192, 100(F) 




1,050, 300(A) 


2, 058, 800(A) 




2 


17S-T 


Cone-point 
A17S-T rivets 


211, 700(A) 


701, 000(G) 




1,192, 000(A) 


3, 517, 600(G) 




3 


17S-T 


Countersunk 
A17S T rivets 


141, 300(A) 


424, 300(D) 


672, 600(A) 


c 5, 111, 300 






4 


17S-T 


Spot welds 


79, 200(F) 


89, 300(F) 




338, 600(F) 




2, 713, 300(F) 


5 


61S-T 


Button-head 
steel rivets 


40, 600(A) 


191, 600(A) 




1,046, 800(A) 


3, 368, 100(G) 




6 


61S-T 


Cone-r>oint 
53S-W rivets 


302, 400(A) 


586, 500(C) 




1,142, 100(C) 


1,234, 200(C) 




7 


61S-T 


Spot welds 


24, 400(E) 


104, 700(F) 




402, 700(B) 




4, 409, 700(B) 


15 


61S-T 


Spot welds 
(aged after 
welding) 


56,400(E; 


219, 000(F) 




694, 400(H) 







a A — Cracks at rivet hole (or spot weld) in main channel, usually at stiffener channel. 
B - Cracks at rivet hole (or spot weld) in cover plate. 

C - Cracks across cover plate and above spacer channel (under center clamp), but not through 

any rivet hole or spot weld. 
D - Crack at rivet hole in main channel; also crack in corner of channel and not at any rivet hole. 
E - Spot welds between cover plate and channels sheared. 
F - Same as A and B. 
G - Same as A and C. 
H - Same as B and C. 

D The loads applied were such that the bending stresses varied from a maximum in tension to the same 

numerical value in compression. 
c No failure; test discontinued. 
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TABLE VII 

SUMMARY OF FATIGUE 8TRENGTH8 OF 8P0T-WELDED 
AND RIVETED 17S-T AND 618-T GIRDER8 







Maximum load support ed, lb 


Item 


Channel 
and 


— Cycles 


10,000 


100,000 


1,000,000 


10,000,000 


plate 


Connection 










1 


178-T 


Button-bead steel rivets 




3700 


2000 




2 


178-T 


Cone-point A17S-T rivets 




a4600 


2600 




3 


178-T 


Countersunk A178-T rivets 




44400 


2300 


•3000 


4 


178-T 


Spot welds 




3200 


1400 


*800 


5 


618-T 


Button-head steel rivets 




3400 


1900 




6 


618-T 


Cone-point 53S-W rivets 






2200 




7 


618-T 


Spot welds 


a4700 


3000 


1500 


a-900 


15 


618-T 


Spot welds (aged after welding) 




3600 


a 1800 





aistimated 



TABLE VIII 
FATIGUE TEST 8 OF ALCLAD 248-T BOX BEAMS 
[All tests made with complete reversal of stress] 



Construction 


Loading 
arrangement 
in test 


Maximum 
bending 
stress 
(lb/sq in.) 


Cycles 

at 
failure 


Location of failure 


Spot welded 
(a-c) 


Central 


* 16, 000 
* 7,560 
± 3,460 
± 2,080 


2,300 
31,400 
465,300 
2,171,500 


Cover plate under center bearing block. 
Cracks in spot welds near center of span. 
Cracks through spot weld in channel. 
CTacks in spot welds near center of span. 


Spot welded 
(energy- 
storage) 


Two -point 


±15,320 
±10,050 
* 7,670 
± 5,020 


60,700 
239,500 
306,300 
ae, 600, 000 


Cover plates and channel sections, 

through only one spot weld. 
Cover plates and channel sections. No 

failure through spot weld. 
Channel sections. One crack at edge of 

weld. , . _ . 

No failure. Test still running. (7-23-42) 


Riveted 


Central 


±15,700 
*12,600 

* 7,690 

* 4,860 


26,200 
90,100 
1,087,700 
4,804,600 


Covst plate under center bearing block. 
Cover plate under center bearing block. 
Channel sections. 
Channel sections. 



'See remarks in last column. 
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Figure 3,- Effect of spacing on strength of spot-welded joints in 0.051- inch thick 5ZS-1 H sheef. 
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Figure 4.- Effect of edge distance on 
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in .051-inch thick 52S~=H sheet. 



NACA Technical Note No. 869 



Fig. 5 




Specimens for shear fatigue tests. 
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Figure 5.- Specimens for shear-fatigue tests. 




Figure 6. - 



Fatigue tests of spot-vrelded joints in a sheet 0,032 
inch thick* 
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Figs. 7e , f 
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Figs. 7g , h 
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Fig. 8a,b,c 
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Figure 8a to f.- Fatigue curves for spot-welded joints in shear. 
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Fig. 8d,e,f 
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Figure 9. 



- Typical fatigue failures of spot- 
welded joints in Ale lad 24S-T 
sheet 0.032 inch thick. 
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Figure 11.- Direct tension-compression 

fatigue tests of spot-welded 
and riveted structural members. Sheet, 
52S-1/2H; ratio of minimum stress to 
maximum stress, -1.0. 
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Cycles 
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Flat electrode or countersunk head on this surface- 




^- Die No.d- 



Flat electrode or countersunk head on this surface- 



ITEM 
NO. 


NO. 
REQ'D 


CHANNEL 
ALLOY 


PLATE 
ALLOY 


CONNECTIONS 


CHANNEL 5 PACER CONNECTIONS 
(SECTION A A) 


1 


8 


175-T 


175T 


[M. in. hot- driven button - head 
steel rivets 


\/a ih. hot-driven button -head 
steel rivets 


z 


8 


175T 


175T 


i/4 in. cold-driven cone -point 
head A 175-T rivets 


]/4 in cold -driven cone -point 
head A 175-T rivets 


3 


8 


175-T 


175-T 


lA in. cold- driven countersunK 
head AI75-T rivets 


\/4 in. cold -driven cone-point 
head AI75T rivets 


4 


6 


175T 


175-T 


Spot- welded 


spot-welded 


5 


8 


615-T 


615-T 


1/4 in. hot -driven button -head 
steel rivets 


i/A in. hot -driven button -head 
steel rivets 


6 


8 


615T 615-T 


i/j in. cold -driven cone -point 
head 535-W rivets 


\fi in. cold-dr/ven cone -point 
head 535" W rivets 


7 


8 


615-T 615-T 


5p>ot- welded 


Spot- welded 




8 


535-T 


535-T 


1/4 in. coki-dhven cone- point 
' head 535- W rivets 


\/A in. cold -driven cone-point 
head 53S-W rivets 


9 


6 


535-T 


535T 


1/4 in. cold -driven countersunk 
head 535"W nVers 


\/A in, cold -driven cone-point 
head 535-W rivets 


10 


8 


535T 


535-T 


Spot- welded 


spot- welded 


li 


8 


615-T 


45-^H 


1/4 In. cold -driven cone-boint 
head 53 5 -W rivets 


[/A in. cold -driven cone-point 
head 535"W rivets 


12 


8 


615-T 


45-iH 


Spot- welded 


5pot- welded 


13 


8 


535T 


45-iH 


\/4 in co\6 -driven cone-boint 
/ head 535-W rivets 


1/4 in. cold-dnven cone -point 
head 535-W rivets 


14 


8 


535-T 


45-iH 


spot - welded 


Spot- welded 


15 


3 


615-T 


6IS-T 


spot-welded in W condition 


spot -welded in W condition 
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Hole diameter for riveted beams, 54; inches 

1 

DieNo.2746 s 1 Y 



Section A-A 

NOTE- 

Channel spacers (Section A-A) 
should be cut accurately 
square and 4 inches bna,. 

FIGURE \Zr 
DETAIL DRAWING OF 
BEAM SPECIMENS. 



s 



ru 




Figure 13. - Static test of riveted girder built up of 61S-T sheet 1/8 
inch thick* 
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Fig. 14 




Figure 15* - Beam fatigue tests of spot welded girders made of 61S-T 
sheet 1/8 inch thick. 



r 



IACA Technical lot* Bo. 869 rig. 16 



±4000 



±3000 



o 

r-l 

i 

■H 



±4000 



±2000 



O Hot steel rivets-button 
O Cold A178-T rivets-cone 
A Cold A178-T rivet s-countsrsun* — 
O Spotweld 

Test discontinued before failure 




o Hot eteel rivets-button ' 
□ Cold 538-W rivets-oone 
O Spotweld 

x 8potweld in -I condition; 
then aged 




Cycles 

(a) 17S-T girders (b) 61S-T girders 

Figure 16a, b.- Bean fatigue teats of apot-welded and riveted girders. 
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Fig. 17 




Figure 17. 



- Girders after completion of impact test. 



Fig. 18 
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£ ~ G OVELR^U LENGTH 



Symmetr\cal 



'30 DRiLL(.teatf) for § WTST Rivets 



-<j>- <f 1 <J>- <j>~ -<Jk <j>- <j> cj> <^ <^ — ^ — " 4* 4 1 ^ " $ 0 

" c4 



4. 4,- 



•f,VF 
II ,C » K 



3" . r 

IS Spaces @ 4 ~ \~ 2,5 for Rivets • 



1 4 Spaces <S> 1" 88 l'~2T fop. Spot Weld£ 




nr" 
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Developed „ 
Length * 4^ 



5." 



ZA Rtqo - 

4QREQD 



-24S~T 
Alclao 245-T 



DETMLS OF D\APHT*.A<aM 



DlAPHRAGMS TO &EAR AS CLOSELY AS POSSIBLE ON COVER PLATE* 



Fie. 1 9-- Built-up Box Beam for Comparative Static and 
Fatigue Tests of Plain and Klclad ZA S~T Sheet 
(For Test Uni>er Cemtral Loadinq) 




Developed 
Kll Sheet 



Length" 1 



tti 

5 



I 




10* 5 



10* 



10° 



10' 
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Cyoleg 

figure 20.- Fatigue curves for Ale lad 248-T box beams. All tests made with complete reversal of stress. 
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NACA Technical Note No. 869 Fig. 21 




(a) Alternating-current weld before test* 
ib) Alternating-current weld after test* 
(o) Energy- storage weld before test, 
(d) Energy-storage weld after test* 



Figure 21*- Sections through spot welds before and after fatigue 
tests* Magnification, 10 times* 




Figure 22. - Spot-weld fracture after failure in fatigue. Bending 
stress, i 3460 pounds per square inch. 



